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Purpose: The COVID-19 pandemic has been going on for almost three years, and so far, many preventive and therapeutic strategies
have been developed. The issue of subsequent booster vaccinations is currently being discussed. We aimed to analyze how the third
dose of vaccination against COVID-19 correlates with the dynamics of IgG anti-SARS-CoV-2 spike protein antibody levels in a group
of healthy people.

Patients and Methods: The prospective study included 93 participants before and after a second booster of COVID-19 vaccination,
from whom 4 blood samples were collected at intervals. The levels of IgG anti-SARS-CoV-2 in serum were identified using the
chemiluminescent immunoassay specific for the receptor-binding domain (RBD) of the S1 protein. The analysis of the results was
performed using appropriate statistical methods, considering p <0.05 as a statistically significant value.

Results: The IgG levels were significantly higher and less diverse after the same follow-up time from the second booster vaccination
compared to the first booster. The antibody levels were positively correlated with female, healthcare workers, the elderly and
participants with a negative COVID-19 history. Furthermore, the increase in IgG antibodies after the second booster vaccination
correlated inversely with the baseline level of antibodies before the vaccination. The latest results showed that antibody levels dropped
1.5-fold after approx. 10 months from the second booster vaccination but still remained at a protective level.

Conclusion: Booster vaccinations seem to better stimulate immune memory, and in the case of borderline IgG level induces the
greatest increase in antibodies. It is worth considering the individual parameters of patients and measuring antibodies before
vaccination.
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Introduction
Since the end of 2019, the whole world has been focused on developing effective prophylaxis and therapeutic methods
that would help stop the epidemic and effectively combat the symptoms of COVID-19 caused by a new strain of -
coronavirus SARS-CoV-2." The disease was first discovered in December 2019 in China in the city of Wuhan, probably
originated from zoonotic source, and then it spread rapidly around the world through direct and contact transmission,
causing the WHO to declare a global pandemic on 11 March 2020.>* The clinical features of COVID-19 vary, ranging
from an asymptomatic or mild, self-limiting respiratory tract condition to a severe progressive pneumonia and an acute
respiratory distress syndrome (ARDS) with a multiorgan dysfunction.””” WHO reported over 600 million confirmed
cases of COVID-19 and over 6 million COVID-19 deaths until autumn 2022.

The key guidelines for preventive proceedings have been introduced because of the spreading rate of pandemic and
insufficient treatment. These include: an early diagnosis, timely isolation of infected subjects, quarantine of contact
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suspects, social distancing and use of masks.” Most countries in the world including Poland have adapted to these
procedures despite initial social resistance.'” About a year after the pandemic started, several research teams successfully
completed their research and developed vaccines against SARS-CoV-2. Mass vaccination programs started immediately,
which gave hope for an effective fight against the virus. Several vaccines against COVID-19 have been approved for use
by the WHO. Due to their short production times, mRNA vaccines (Pfizer-BioNTech COVID-19 Vaccine known as
Comirnaty and Moderna COVID-19 Vaccine known as Spikevax) were first to appear.! However, their rapid develop-
ment raised a great deal of controversy and conspiracy theories among those unaware that scientists had been working on
mRNA vaccines for three decades before the pandemic broke out.'''? The variation in the number of people vaccinated
in different countries are mostly due to public trust in the government, medical staff and scientists, but also socio-
demographic features, personal beliefs, and attitude toward vaccination have important influence.'*"'* Nevertheless,
13,008,560,983 vaccine doses were administered in the world to date.® Numerous studies have proved that these mRNA-
based vaccines are completely safe and very effective."'> Protein S has been selected as an important target for vaccine
and antiviral development. Its subunit, the receptor-binding domain (RBD) is a key determinant of infectivity and thus is
considered to be the main antigenic component that is responsible for inducing a host immune response.” It is a principal
target of neutralizing antibodies generated following an infection by SARS-CoV-2 and a component of both mRNA and
adenovirus-based vaccines.""'®!” IgG antibodies constitute a predominant type of antibody found in blood circulation
(approx. 75% of all antibodies) and they have the longest serum half-life of all immunoglobulin types. They participate in
the secondary immune response as an important component of the host defense system.'® Therefore, anti-SARS-CoV-2
IgG antibodies are used to detect a past infection (also asymptomatic or mild symptomatic) or to determine degree of
immunogenic response to vaccination."'” These tests enable long-term monitoring of the humoral immune system
response in individual patients, which is especially important in the case of vaccination. The knowledge of the dynamics
of changes in antibody titers, and thus the length of the protective period, allows for improvement in the vaccination
schedule and a rational decision on booster vaccinations.''>*° Information about the antibody titer can be an important
indicator of the organism’s current readiness to fight infection.

We aimed to analyze the dynamics of anti-SARS-CoV-2 spike IgG antibodies before and after the third dose of
vaccination against COVID-19. We also aimed to verify whether age, sex, previous COVID-19 history, and medical
professions had an impact on the level of antibodies in the studied group of people. Advanced statistical tools were used
to observe patterns and changes in the dynamics of these IgG antibody levels.

Materials and Methods
Study Design and Population

Participants of the project were volunteers from the Swietokrzyskie Voivodeship, Poland, who gave an informed consent
to participate in the project and fulfilled the inclusion and exclusion criteria. They are described in Table 1. We did not
exclude treated patients with chronic diseases without acute symptoms, such diseases as diabetes, hypertension, arthrosis,
hyperthyroidism and hypothyroidism, Hashimoto’s, allergies. The total of 235 individuals were selected to the analysis
and serum samples were collected for the first analysis. However, during the project many individuals were excluded for
not receiving the 3rd dose of the vaccine or/and not donating blood. In the end, 100 people were fully involved in the
project, but 7 individuals who declared COVID-19 in a questionnaire during the project were analyzed separately. Also,
31 individuals declared COVID-19 history in the questionnaire, but not earlier than 27 weeks from the start of the project
and they were not excluded from the project. Finally, 93 participants were analyzed firstly as a whole group and next they
were divided based on the following factors: age <49 (n = 43) and >50 (n = 50), sex — males (n = 23) and females (n =
70), COVID-19 history — COVID-19-positive (n = 31) and COVID-19-negative (n = 62), profession — medical (n = 44,
mostly clinicians and nurses working in contact with patients) and non-medical (n = 49, other people). The participants
were vaccinated with BNT162b2 (n = 73), AZD1222 (n = 17), mRNA-1273 (Moderna, n = 2) or JNJ-78436735 (Johnson
& Johnson, n = 1), the IgG antibodies levels were not significantly different (¢-test two tailed, p > 0.05, data not shown).
All participants were informed about the purpose of the project, the research planned, and gave their informed consent to
participate in the project. Table S1 presents anonymized project members with detailed characteristics. During the project
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Table | Cohort Characteristics, Inclusion and Exclusion Criteria

Cohort Characteristics (n = 93)

Age:
® Mean (SD): 47.8 (9.5); median (QI, Q3): 50.0 (45.0, 55.0); range: 21.0-61.0
Sex:
o Female: 70 (75.3%); Male: 23 (24.7%)
Profession:
o Medical: 44 (47.3%); non-medical: 49 (52.7%)
COVID-19 history:
o Negative: 62 (66.7%), positive: 31 (33.3%)
Chronic diseases:
o No data available: 2 (2.2%); no: 63 (67.7%); yes: 28 (30.1%)
The most common diseases: thyroid diseases (hypothyroidism, hyperthyroidism, Hashimoto’s disease [n = 13]),
hypertension (n = 12), diabetes (n = 3)

Inclusion criteria:

o Age between 18 and 61 years (adult participants of pre-retirement age).

® Two doses of vaccination against COVID-19.

® No chronic severe diseases.

® No history of COVID-19 in the last 6 months.

® Participant’s declaration to take the third dose of the same vaccine.

o Donate whole blood (approx. 3 mL) four times within the prescribed period to test the level of antibodies IgG
anti-SARS-CoV-2.

® Providing the required documentation (informed consent to participate in the study, medical data

questionnaire).

Exclusion criteria:

e Age <18 and >61.

e Unvaccinated people or one dose of vaccination.

e Chronic and/or severe diseases in acute phase, untreated.

o Positive history of COVID-19 in the last 6 months, participants who fell ill with COVID-19 during the project.
® Missing 3 doses of vaccination.

® Missing four blood measurements, untimely blood donation.

® No required documentation.

implementation, blood samples were collected from the participants at four time points depending on when a participant
had planned the third dose of the vaccine against COVID-19. The first blood samples were collected no longer than 2
weeks before the third dose of COVID-19 vaccine (IgG_1), next blood samples were collected after the third dose of
vaccine against COVID-19: 2nd blood sample (IgG 2): 10-12 weeks (approx. 3 months), 3rd blood sample (IgG_3): 18—
20 weeks (approx. 5 months), 4th blood sample (IgG_4): 24-26 weeks (approx. 6 months).

Anti-SARS-CoV-2 IgG Testing

The Access SARS-CoV-2 IgG (1st IS) chemiluminescent immunoassay (Beckman Coulter Eurocenter S.A., Switzerland)
was used for a quantitative and qualitative detection of IgG antibodies to SARS-CoV-2 in human serum. After collecting
about 3 mL of whole blood to sample tube S-Monovette with clot activator (SARSTEDT AG & Co. KG; Germany), the
serum was isolated immediately by 15-minute centrifugation at approximately 1000 x g. The 100 pL of serum was used
for the analysis according to the manufacturer’s protocol, by Access 2 (Beckman Coulter, Switzerland). A sample was
added to a reaction vessel with buffer, and paramagnetic particles coated with recombinant SARS-CoV-2 protein specific
for the RBD of the S1 protein. The amount of analyte in the sample was determined from a stored, multi-point calibration

curve. The measurement error limit according to the manufacturer is 3.1-4.8%, which was also confirmed by the analysis
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of the same 3 samples in three individual replications. The values >30 IU/mL SARS-CoV-2 IgG (1st IS) were interpreted
as positive results (the value reactive for SARS-CoV-2 IgG antibodies) according to the manufacturer’s protocol.

Statistical Analysis

Normality of distributions was assessed by Shapiro—Wilk test. In the case of non-normality, Mann—Whitney or Wilcoxon
signed rank test was used to compare unpaired and paired groups as appropriate, otherwise unpaired, or paired t-tests
were applied. The study includes dependent variable: the level of IgG in a given measurement (1, 2, 3 and 4) and
independent variables: age, gender, profession, COVID-19 history. The study may be unrepresentative by overrepresent-
ing people with a positive COVID-19 history or women. Analyzes performed in subgroups (eg separately for male and
female) and appropriately adjusted statistical tools excluded the bias of the observed relationships.

The analysis of the dynamics of the level of antibodies was proposed by determining the trajectory of changes:
decrease (D), increase (I) and constant (C) of IgG in relation to the previous IgG value of the measurements at 4 time
points: Ist, 2nd, 3rd, 4th. There are 27 possible IgG trajectory patterns, the first symbol (D, I or C) relates to the
comparison of the levels of IgG_2 versus IgG 1 antibody, the second - IgG_3 vs IgG_2, the third - IgG_4 vs IgG_3. The
analysis of increase, decrease or constant value was defined in relation to the previous measurement, but considering 5%
measurement error, in the case of the difference below 5% the value was considered constant, while above 5% -
a decrease or an increase.

IgG trajectory patterns as well as distributions of other categorical variables for independent groups were compared
by chi-square test or Fisher’s exact test depend on whether expected values were above and below 5. Due to significant
non-normality, the correlations between IgG antibodies levels at 1st, 2nd, 3rd, 4th time points were assessed by
Spearman’s rank correlation coefficients. A two-tailed p-value <0.05 was considered statistically significant.

All statistical computations were performed using R (version 4.0.3; The R Foundation for Statistical Computing,
Vienna, Austria), and GraphPad Prism, version 6 (San Diego, CA, USA) were used for the derivation of figures.

Results

Preliminary Analysis

Primarily, 235 participants were selected for the study according to the inclusion and exclusion criteria. The first blood
sample was taken, and the level of anti-SARS-CoV-2 IgG was tested in the isolated serum. All the participants had
received the 2nd dose of vaccination against COVID-19 approximately 6 months and were expected to receive the third
dose of the same vaccine, the median of their IgG anti-SARS-CoV-2 level was §9.88 of IU/mL. During the project, more
than half of the participants were excluded (due to not taking the 3rd dose of vaccination, not donating blood for the
study). Consequently, the four measurements of antibody levels included 100 participants. During the project, seven
participants developed COVID-19, after the infection an increased level of IgG (mean value 871 of IU/mL) was
observed, so they were excluded from the subsequent analysis. The remaining participants (n = 93) showed a slightly
lower median of IgG value from the first measurement (72.60 of IU/mL) to all the primarily enrolled participants (not
statistically significant difference, Mann—Whitney, two tailed, p > 0.05; data not shown). Finally, subsequent analysis
concerned 93 members. The dynamics of the antibody levels (4 measurements at intervals) of the studied participants
(n = 93) was analyzed as a whole, as well as in relation to age, sex, previous COVID-19 (before the IgG measurement),
and medical or non-medical profession.

General Analysis of 1gG

The median IgG anti-SARS-CoV-2 levels of the four measurements (IgG 1, 2, 3, 4) were sequentially 72.60; 338.0;
345.0; 328.6 of IU/mL (Figure 1). The lowest IgG level was 2.12; 42.27; 37.28 and 25.98 of IU/mL respectively, and the
highest level of IgG was 1635; 2448; 2444 and 2433 of IU/mL respectively, according to the following measurements.
The median level of IgG antibodies was 4.65 times higher at 10—12 weeks after the third dose of the vaccine in
comparison to 25 weeks after the second dose of the vaccine. The next two measurements revealed also similar,
statistically significantly higher IgG levels than the first one. The last measurement (IgG 4) showed a statistically
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Figure | Comparison of anti-SARS-CoV-2 IgG levels [IU/mL] among the examined participants.

Notes: The participants (n = 93) were tested at 4 time points (measurements) in relation to the third dose of COVID-19 vaccination (Ist — approx. 2 weeks before
vaccination, 2nd - approx. 3 months after vaccination, 3rd - approx. 5 months after vaccination, 4th - approx. 6 months after vaccination), dots — participants, red dots —
outliers; error bars lines: bottom and top - quartiles QI, Q3; middle - median of IgG levels; statistical significance (p < 0.05) was measured by Wilcoxon signed rank test;
p-values for pairwise comparisons were all less than 0.0001, exception 2nd vs 3rd (p = 0.0415) and 2nd vs 4th (p = 0.0183).

significant decrease in the level of antibodies in comparison to the previous measurement (IgG_3) (Figure 1). Detailed
analysis showed that during the first measurement, 27.9% (n=26/93) of the participants did not have sufficient IgG levels
to be protected against COVID-19 (IgG < 30 IU/mL; based on the manufacturer’s information) and 36.5% (n=34/93) of
participants had IgG level below 40 IU/mL. Among these participants, [gG level increased 14 times (from median 13.23
to median 190,4 of I[U/mL) after 3 months of the third dose of vaccination. As mentioned above, most participants (95%)
revealed an increased level of IgG, except for five participants who had a decreased level of IgG after the 3rd vaccination.
Interestingly, these peoples showed a decrease in IgG antibody levels with each subsequent measurement, they belonged
to the younger group (<50 years of age), and four of them had COVID-19 in the past. They had also a high level of IgG
in the first measurement (median IgG: 508 IU/mL). Almost all the participants revealed a sufficient level of IgG until the
last measurement, which was approximately 6 months after the last dose of vaccination. Only three participants had an
insufficient level of IgG antibodies at the last measurement (28.6; 29.95; 25.98 of IU/mL), they had also a very low IgG
level at the first measurement (3.48; 15.29; 6.28 of IU/mL respectively). After a significant relative increase in IgG 2 (in
relation to IgG_1), there were decreases in IgG in subsequent periods, but the relative magnitude of these decreases was
not as large as the increase between IgG 2 and IgG 1, and at the end of the observation period the level of IgG 4 among
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75% of the participants was at least 1.5 times higher than IgG 1 value, and 25% of the participants had values at least 9.5
times higher than the IgG_1 value.

Furthermore, we grouped the participants according to baseline IgG antibody levels — from the lowest to the highest.
The individuals were divided into 4 groups including limit values of IgG 1 [TU/mL]: <40 (2.12-39.3), 40<100 (43.47-
95.04), 100<200 (102.28-191.66), >200 (211.3—1635). We observed that a relative increase in antibodies levels
approximately 3 months after the vaccination (IgG 2) was inversely proportional to the baseline antibody level
(IgG_1) among the participants — the lower baseline antibody level, the greater increase, and vice versa (Figure 2).
The medians of the IgG 2 to IgG 1 ratio in individual groups of participants were: 12.44, 5.11, 2.69 and 1.71
respectively, the differences were statistically significant (Mann Whitney exact test, two-tailed, unpaired) except for
differences between group <200 and <1635.

Moreover, Spearman’s rank correlation coefficients between individual measurements increased systematically and
amounted to 0.465 between the measurements of IgG 2 and IgG 1, 0.756 between the measurements of IgG 3 and
IgG 2 and 0.945 between the measurements of IgG 4 and IgG 3. This means that in the first measurement, the levels of
IgG antibodies of the tested participants were very differentiated and changed not directly (increased/decreased) in the
next measurement (IgG_2), but in the case of subsequent measurements, the levels of antibodies changed more and more
pro-proportionally, assuming a linear relationship.

We also included the analysis of the trajectory of the dynamics of IgG antibodies depending on consecutive
measurements. Of the 27 possible trajectories, 9 were observed, but none of these patterns occurred statistically more
frequently compared to the others. However, the dominant pattern of changes in the level of IgG was an increase in
IgG_2 (in relation to IgG_1), followed by a decrease in IgG_3 (in relation to IgG_2) and a decrease in IgG_4 (in relation

307 p-value for comparison of relative 1gG
40<100 | 100200 | >200
<40 0.0006 | <0.0001 | <0.0001
40<100 - 0.0004 | <0.0001
100<200 - - 0.0649
% 204
o
=
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(O]
L=y
02') 1244 e
©
(O]
o 10+ -
L3R T S 1 O
2694--| |- e
17141 |l feeennn I
0 T T T
<40 40<100 100<200 >200 [IU/mL]

Participants with baseline anti-SARS-CoV-2 IgG

Figure 2 Comparison of relative increase of anti-SARS-CoV-2 IgG levels.
Notes: The relative IgG was the ratio between value of IU/mL of IgG_2/IgG_1; the participants grouped according to four baseline IgG levels [IU/mL] ranges: <40 (2.12-
39.3), 40<100 (43.47-95.04), 100<200 (102.28-191.66), >200 (211.3—1635); medians with interquartile range of relative IgG, the differences were measured by Mann
Whitney exact test, two-tailed, unpaired (statistically significant p < 0.05).
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to IgG_3) — such fluctuations in the level of IgG were observed in 46.2% of the participants (IDD pattern - increase,
decrease, decrease). The second most frequent pattern of changes of IgG levels was IID in subsequent measurements
(17.2% of participants). In addition, the following patterns were also observed: III (8.6% of participants), IDC (8.6% of
participants), IDI (7.5% of participants), DDD (5.5% of participants), ICD (4.3% of participants), 1IC (1.1% of
participants) and ICC (1.1% of participants).

We would like to present our latest results — approximately after 10 months of the third dose of vaccination against
COVID-19. These results include only 20 participants, the previous median of IgG levels was 431.96 of UI/mL and these
values decreased 1.5 times (median IgG is 286.67 of IU/mL). Among 3 individuals (IgG was 80.55, 86.64, and 97.79 IU/
mL), the antibody levels increased, so they were probably infected with COVID-19.

Age

The participants ranged from 21 to 61 years old, they were divided into two groups: younger (age <49, n = 43) and older
(age >50, n = 50). For both groups, no statistically significant differences were observed between IgG 2 and IgG 3. In
both groups, there was a statistically significant decrease in the value of IgG 4 versus IgG 3, however, in the case of the
“older” group the decrease was smaller. We can see a tendency to lower immunological response in the case of the
younger people (Figure 3); however, the difference between younger and older participants was not statistically
significant (Table 2). There has been shown 9 different trajectories of changes in antibody levels, however, of the
most people, both younger and older ones, showed a decrease in antibodies in the third and fourth measurement
(Table 3). Participants showing a continuous decrease in the level of antibodies (DDD) occurred only in the younger
group, and in the measurement of IgG_4 a more frequent increase in IgG was observed in the older group (IDI).

Sex

The participants were grouped according to sex: female (n = 70) and male (n = 23) and the differences between the
median levels of IgG antibodies were presented in Figure 3. Both among male and female participants, the level of
IgG 1 was significantly lower than the level at each of the other measurement points (IgG 2, 3 and 4). For both

p-value for comparison of IgG measurements
Participants groups: 1st 2nd 3rd
Younger <0.0001
Older 0.0001
Female <0.0001
o Male 0.0001 400+
COVID-19-positive ~ 0.0002*
COVID-19-negative  <0.0001
Medical <0.0001
Npn-medical <0.0001 -
Younger <0.0001 0.3345 —
Older 0.0011  0.0741 _EI
Female <0.0001 0.1001 5
Male 0.0011  0.2595 = .
31— OViD-19-positive  0.0008 _ 0.0048 % - medical
COVID-19-negative  <0.0001 05009 - | = 2004 -©- non-medical
Medical <0.0001 0.6397 -¥- younger
Non-medical <0.0011 0.0142 N
Younger 00001 <0.0001 <0.0001 -9~ older
Older 00043 0.1587  0.0036 -o- female
Female <0.0001 0.0331 <0.0001 = male
ath Male _ 0.0043 03447  0.0415 + COVID-19-positive
COVID-19-positive ~ 0.0238  0.0022  0.0017
COVID-19-negative  <0.0001 0.3127  0.0001 -0~ COVID-19-negative
Medical <0.0001 0.7419  0.0043
Non-medical 0.0002 0.0020 <0.0001
* paired t-test 0 T T T T
1st 2nd 3rd 4th
Measurements

Figure 3 Dynamics of anti-SARS-CoV-2 IgG of the participants according to age, sex, COVID-I9 history and profession.

Notes: The dots represent the median levels of IgG at 4 measurements (Ist — approx. 2 weeks before vaccination 3rd dose of vaccination, 2nd - approx. 3 months after
vaccination, 3rd - approx. 5 months after vaccination, 4th - approx. 6 months after vaccination), the differences were measured by Wilcoxon signed rank test (statistically
significant p < 0.05).
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Table 2 Comparison of the Medians (with Quartiles QI, Q3) of the Anti-SARS-CoV-2 Spike IgG Antibodies Values [IU/mL] Among
the Studied Participants (n = 93) Based on Specific Parameters (Age, Sex, COVID-19 History, Profession)

Measurements: Median (QI, Q3) Level of Anti-SARS-CoV-2 Spike IgG
Ist (IgG_I) 2nd (1gG_2) 3rd (1gG_3) 4th (1gG_4)

Age Age<49 (n=43) 72.60 (34.92, 194.15) 305.59 (213.88, 471.02) 292.20 (143.23, 528.91) 233.78 (121.15, 445.42)
Age=50 (n=50) 7261 (21.42, 156.31) 405.40 (200.24, 665.08) 392.13 (171.52, 679.02) 380.99 (155.40, 696.22)
p-value 0.3511 0.2477 0.3091 0.1982

Sex Female (n=70) 71.54 (25.69, 181.15) 389.41 (230.48, 668.35) | 382.86 (169.39, 679.02) | 378.73 (161.57, 635.17)
Male (n=23) 74.73 (23.76, 157.54) 293.04 (124.31, 399.00) | 206.55 (142.56, 363.24) | 187.18 (113.53, 473.54)
p-value 0.6756 0.0348 0.0254 0.0873

COVID-19 history

Positive (n=31)

151.34 (60.36, 250.50)

295.10 (222.59, 467.08)

260.58 (162.58, 459.81)

209.32 (153.47, 390.91)

Negative (n=62)

51.02 (17.09, 136.09)

389.41 (186.36, 665.08)

392.13 (149.02, 877.17)

393.00 (126.32, 759.36)

p-value

0.0022

0.2988

0.1111

0.0862

Profession

Medical (n=44)

65.89 (33.64, 131.42)

389.41 (261.15, 664.93)

420.24 (264.76, 673.72)

380.99 (204.94, 655.65)

Non-medical (n=49)

74.73 (21.68, 247.06)

296.88 (182.33, 521.77)

223.78 (141.92, 523.24)

19231 (97.79, 513.17)

p-value

0.3717

0.1704

0.0167

0.0160

Note: p-value was measured by Mann-Whitney test (Bold values indicated statistically significant p <0.05).

groups, no statistically significant change was observed between IgG 2 and IgG 3. In both groups, there was
a statistically significant decrease in the value of IgG_4 versus IgG 3. Generally, a decrease in IgG level in male
participants was revealed (Figure 3). The median level of antibodies in the first measurement was very similar for both
female and male, but already in the second and third measurement, a statistically significantly higher level of
antibodies (1.3 and 1.85 times higher respectively) was detected among female participants (Table 2). The trajectory
of IgG changes did not show statistically significant differences between male and female subjects (Table 3): most of
both female and male participants showed a decrease in IgG levels during the 3rd and 4th measurements (IDD
pattern).

COVID-19 in the Past

Of all the members, 31 (33%) had COVID-19 in the past (more than 6 months before). The differences between the
median levels of IgG antibodies are presented in Figure 3. Both among positive and negative histories of the COVID-19,
the level of IgG_1 was significantly lower than the level at each of the other measurement points (IgG 2, 3 and 4).
Interestingly, a consistently significant decrease in the level of antibodies was observed after about 5 months post
vaccination (third measurement), in contrast to the group of people who did not have COVID-19 — this was observed
scarcely at the last measurement. Generally, the participants which had COVID-19 in the past showed a decrease in
antibodies, even though at the beginning (IgG_1) they had statistically more antibodies than those who had not been
infected before. The IgG_1 level of COVID-19-positive group was 3 times higher in comparison to the other participants
(Table 2). The next measurements did not reveal any statistically significant differences, but we can see a lower median
level of IgG among the COVID-19-positive group. On the other hand, the relative increase of IgG antibodies level
between the first and next measurements (relative value between IgG 2/1, IgG 3/1, IgG 4/1) was statistically
significantly higher in the COVID-negative group in comparison to the COVID-positive group (data not shown,
Mann—Whitney, two tailed, p < 0.0001, except IgG 4/1 p = 0.0001). The trajectory of IgG changes did not show
statistically significant differences between these groups (Table 3). Most of the participants showed a decrease in IgG
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Table 3 Number (%) of Participants Grouped According to Particular Parameters (Age, Sex, COVID-19 History, Profession) Showing Specific Patterns of Trajectory of IgG Antibody
Dynamics Between Consecutive Measurements

Trajectory of IgG Dynamics: | Number (%) of Participants Overall
DDD Icc ICD IDC IDD IDI nc o m ’(’I':‘)'a'"e
Age Age<49 (n=43) 5(11.6) 0 (0.0) 3 (7.0) 3 (7.0) 19 (44.2) | 2.3) 1 23) 7 (16.3) 493) 0.10
Age250 (n=50) 0(0.0) 1 20) | 2.0) 5 (10.0) 24 (48.0) 6 (12.0) 0(0.0) 9 (18.0) 4(80)
p-value Ns Ns Ns Ns Ns Ns Ns Ns Ns
Sex Female (n=70) 3 (43) 0(0.0) 4(57) 8(11.4) 32 (45.7) 5(7.1) I (14) 12 (17.1) 5(7.1) 0.36
Male (n=23) 2 (8.7) | (43) 0 (0.0) 0 (0.0) Il (47.8) 2 (87) 0 (0.0) 4(17.4) 3 (13.0)
p-value Ns Ns Ns Ns Ns Ns Ns Ns Ns
COVID- | Positive (n=31) 4(129) 0 (0.0) 0 (0.0) 4(129) 16 (51.6) | 3.2) 0 (0.0) 397) 39.7) 0.15
9RO | egative (n=62) I (1.6) I (1.6) 4(65) 4(65) 27 (43.5) 6 (9.7) I (1.6) 13 (21.0) 5 (8.1)
p-value Ns Ns Ns Ns Ns Ns Ns Ns Ns
Profession | Medical (n=44) 0 (0.0) | 2.3) 2 (45) 40.0) 16 (36.4) 5(11.4) | 2.3) 12 (27.3) 3 (68) 0.028
Non-medical (n=49) | 5 (10.2) 0 (0.0) 2 (4.1) 4(82) 27 (55.1) 2 (4.1) 0 (0.0) 4(82) 5(102)
p-value 00576 (F) | 04731 () | I () | (F) 00703 () | 02494 (F) | 04731 (F) | 00147 () | 07176 (F)

Note: p-value was measure by Fisher's exact (F) or chi-square ()%).
Abbreviations: D, decrease; |, increase; C, constant; ns, not significant.
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levels during the 3rd and 4th measurements (IDD pattern). There was no statistically significant relationship with sex in
the COVID-19-positive and COVID-19-negative groups (p = 0.395, chi-square test).

Medical Profession
The last analysis included comparison of the IgG levels between medical (n = 44) and non-medical (n = 49) participants.
Generally, a higher level and a weaker decline of IgG anti-SARS-CoV-2 were observed in the medical group (Figure 3).
Both among medical and non-medical groups, the level of IgG 1 was significantly lower than the level at each of the
other measurement points (IgG 2, 3 and 4). In case of the non-medical group each next measurement revealed
statistically significant differences to the previous measurement, in the medical group the significant decrease of IgG
levels detected also between IgG 4 and IgG 3. The median level of antibodies in the first measurement was similar for
both control and medical groups, but in subsequent measurements the differences deepened. A statistically significantly
higher level of antibodies during the third and fourth measurements (1.8 and 1.98 times higher respectively) was detected
in medical group (Table 2). Generally, a statistically significant relative higher increase or lower decrease in IgG
antibodies level between the measurements was observed among the medical group in comparison to the non-medical
group (data not shown, Mann—Whitney, two tailed, p < 0.05). The trajectory of IgG changes showed statistically
significant differences between these two groups (Table 3). Significantly more participants from the medical group
showed a decrease only in the last measurement (IgG_4) as compared to the non-medical group. More participants of the
non-medical group showed a faster decline in antibodies compared to the medical group, also no individual showed
a pattern of a continuous decline (DDD) in antibodies in the medical group, in contrast to the non-medical one. However,
most of the participants (medical: 36.4%, non-medical: 55.1%) revealed an IgG decrease in 3rd and 4th measurements.
There was no evidence of an effect of sex (chi-square test, p = 0.0617) and age (Mann Whitney test, p = 0.1463) of
participants on IgG antibody levels in the medical and non-medical groups.

Discussion

Despite the developed guidelines, how to proceed in the event of a pandemic, the COVID-19 pandemic has surprised not
only human population but also clinicians, and scientists. It introduced many changes in medical diagnostics and chaos in
the economic and social life. The knowledge about the virus SARS-CoV-2 and the COVID-19 disease is growing rapidly.
Moreover, scientists were prepared for the emergence of the virus and several safe vaccines against COVID-19 were
approved quickly, just one year after the outbreak of the epidemic (December 2020).'%2'2° Technologies of Pfizer/
BioNTech and Moderna turned out to be the most effective they use virus’s mRNA fragment encoding the spike (S)
protein. This protein attaches the virion to the host cell’s membrane®® and its S1 subunit contains an immunologically
relevant RBD, which is a key antibody target. During COVID-19, the human body also produces other specific antibodies
against different SARS-CoV-2 structures, but the spike protein appears to be the most immunogenic,>’** however, the
immune response to COVID-19 is still poorly understood. Currently, the pathophysiology of infection and the course of
the disease are well understood and quite predictable, but potential long-term repercussions remain a mystery.”’ The
host’s immune system plays a key role in defense against SARS-CoV-2 infection and regulates the course of the disease.
A further course of the COVID-19 pandemic will depend on widespread immunity of the population acquired through
infection or vaccination.

Analysis of the Dynamics of IgG Anti-SARS-CoV-2 Spike Protein Before and After the

Third Dose of Vaccination

Screening trials showed that protective levels of antibodies after the second dose of the vaccine maintained for at least 6
months but at different levels and with dynamics of maintenance.'°>? It is known that many internal and external
parameters can be associated with these observations, but still little is known about how immunity develops after
vaccination. There is much controversy and conflicting discussions to whether subsequent doses of the vaccine should be
taken. The cellular and humoral immunity is triggered in response to exposure to viral antigens after contracting COVID
—19, but the level of neutralizing IgG anti-S antibodies strongly correlate with the severity of illness®® In our project, we
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present the dynamics of IgG anti-SARS-CoV-2 spike protein after the next booster mRNA vaccination against COVID-
19 (mostly BNT162b2) in human participants of Polish population. The observation of particular individuals lasted about
6 months, and each person was examined 4 times. We also analyzed the IgG levels associations with typical clinical
parameters like age, sex, and prior COVID-19, as well as with the medical profession. The results revealed that about 6
months after the second dose of vaccination, the antibody level in most participants was enormously low (the median was
only twice the protective cutoff value of 30 IU/mL of IgG), and 36.5% of participants had IgG level below 40 IU/mL
(Figure 1). A similar significant decrease in antibodies after the second dose of COVID-19 vaccine mRNA was presented
by Tretyn et al' after 4 month the antibodies levels in all participants decreased below the administration of the second
dose. This has also been observed in other countries described in the metanalysis by Notarte et al** Pakovi¢ Rode et al*®
reported a decline in antibodies 6 months after the second dose of vaccination but these levels were still considered
positive for protection against COVID-19, it was in line with our results. The next measurement (IgG 2) after
approximately 3 months from the 3rd dose of vaccination indicated in most of the participants that the antibody level
was 4.6 higher compared to the previous measurement. Such a high level was mostly maintained until the last
measurement (IgG 4) — up to 6 months from the 3rd dose of vaccination, similar observations are described by

others, 203641

on this basis we can generally conclude that the 3rd booster dose of vaccination has an enhancing effect
of longer-lasting immune protection against COVID-19. We also observed an interesting association: individuals who
showed lower antibody levels at baseline responded better to the vaccine in comparison to the participants with higher
baseline IgG level (Figure 2). This was also confirmed using the Spearman’s rank correlation coefficients — the increase
in IgG levels was disproportionate at the beginning, and later the changes were linear. This may mean that the
mobilization of the immune system is variable and highly dependent on the level of antibodies present in the body.

The analysis of the trajectory of the antibody levels’ dynamics also revealed many interesting observations. In most of
the participants, a decrease in the level of IgG was detected in the 3rd and 4th measurements, but the level was still very
high, what is more, 22.6% of the participants showed a decrease only on the last measurement. This confirms a correct,
strong effect of the vaccine in most of the studied people.?**° It should be noted that some individuals (5% of studied
group) did not respond to the vaccine (their trajectory of IgG level dynamics was DDD), but they had very high levels of
antibodies on the baseline measurement and maybe that is why the vaccine did not induce immunity. Three participants
had below the cutoff level of reactive IgG antibodies at last measurement, and they had also a very low IgG level at the
baseline measurement. Individual features or other reasons may have influenced this, but it did not significantly affect the
overall conclusions. Also, among 9.7% of the participants the untypical dynamics of antibodies level (the IDI trajectory)
was revealed. Such a pattern of IgG dynamics may indicate a recent COVID-19, which we could not detect with the
applied test. It should also be emphasized that all atypical trajectories do not significantly change the conclusion that the
median antibody level in each measurement was significantly higher than in the baseline measurement.

Our preliminary results (23 participants) show a 1.5-fold decrease in IgG anti-SARS-CoV-2 approximately 10 months
after the last (third) dose of vaccination against COVID-19 and suggest a longer duration of antibodies in the Polish
population compared to other reports.?**>

We are obligated to mention some limitations in our project. Participants who reported COVID-19 during the study
were excluded from the project, but we do not know if there were more patients suffering from COVID-19, the applied
test does not differentiate the COVID-19 and SARS-CoV-2 IgG. Some individuals may have had an asymptomatic course
of COVID-19, or they might have thought it was a different infection. However, it should be considered that the risk of
the infection was also before the first measurement, what is more, the risk was higher due to higher number of
infections.® The analyzed antibody levels could have been modified to the same extent by prior infection with each
measurement, so the observed significant differences in IgG levels are independent of the infection.

Study of the Age and Sex Influence on the IgG Anti-SARS-CoV-2 Spike Protein

Antibody Level
During the study, we verified if the pre-retirement age (age of 50-61 years) correlates with the IgG anti-SARS-CoV-2
(Figure 3). It turned out that the group of older participants tended to have significantly higher levels of antibodies at each

Journal of Inflammation Research 2023:16 hetps: 155
Dove


https://www.dovepress.com
https://www.dovepress.com

Lysek-Gtadysinska et al Dove

stage of the measurements, and the younger group (age between 21 and 49 years) showed a greater downward trend
between the last two measurements. This observation is in line with Soeorg et al and Yang et al,***** which can be
associated with many factors specific for older individuals like: more severe symptoms during COVID-19, expanded
catalog of memory B and T cells through accumulated immunological memory and higher level of cytokines associated
with comorbidities what can stimulate the SARS-CoV-2 humoral response. What is more, older people suffer from
COVID-19 more often,*> which might not have been noted in our data, but it influenced the level of tested antibodies. On
the other hand, Barda et al*® revealed that people over 60 years of age suffered less from COVID-19 after the 3rd dose of
vaccination compared to younger age groups. The answer to our observations would be to conduct a test differentiating
the immune response after vaccination and post-infection. Generally, most reports indicate negative correlation of I1gG

47749 nevertheless, there is still no clear studies.

levels with age,

In the case of gender — our findings are similar to those of others:'~**? Females have statistically higher and more
stable level of IgG anti-SARS-CoV-2 in comparison to males, even if they started with similar IgG levels.*> The
phenomenon of stronger immunological response among women is commonly observed also in contact with other
pathogenic antigens and can be modified by many genetic, hormonal, and environmental factors.>* A scoring metric for

immunological aging also revealed that men exhibit significantly higher immune-aging scores than women.>*

Study of the COVID-19 Influence on the IgG Anti-SARS-CoV-2 Spike Protein
Antibody Level

Some participants (33%) reported COVID-19 at least 6 months before the baseline measurement and they showed 3
times higher level of IgG antibodies than the rest. Moreover, they all had sufficient antibody levels at least twice as high
as the cutoff (median 151.34 (Q1; Q3: 60.36; 250.50) of IU/mL). These observations are in line with others'>®377 that
infection promotes longer maintenance of SARS-CoV-2 antibodies after the second dose of vaccination against COVID-
19. However, with longer observations up to 6 months after the 3rd dose of vaccination, COVID-19-positive individuals
revealed a quicker decrease in IgG antibodies, and the median of IgG levels were almost twice lower in comparison to
individuals previously unaffected by COVID-19, these findings are also consistent with Pellini et al.”* Also, Tretyn et al'
observed that in patients without prior COVID-19, stable antibody level lasted longer than in patients with prior COVID-
19. Our thesis is confirmed again — people with lower levels of antibodies are better immunized by the vaccine. This
phenomenon may be also related to the amnesty response to exposure to the virus, however there is no confirmation of
this.>® Schwarzkopf et al’” revealed that among convalescent patients immunity may be mediated through T cells.
Moreover, Greaney et al*> proved that a vaccine can provide a better protection against a mutating virus than a disease
itself — a better match of antibody-virus binding produced after immunization with the vaccine. Romero-Ibarguengoitia
et al*® also describe that after the administration of the third BNT162b2 booster, the increase in quantitative SARS-CoV-
2 spike 1-2 IgG antibody was twice as high among participants with a negative SARS-CoV-2 infection in comparison to
participants with COVID-19 positive history, nevertheless, the raw data show higher levels of antibodies in COVID-19
positive participants. These divergent results require further investigation. Generally, a higher level of antibodies is
described in people with a positive COVID-19 history, but many factors should be taken into account - The time of the
analysis in relation to the previous infection and vaccination, the test method, the individual conditions of the subjects

and the fact that the virus produces various proteins that can stimulate a variety of immune response pathways.®*!

Study of the Medical Profession Influence on the IgG Anti-SARS-CoV-2 Spike Protein
Antibody Level

The last analysis involved comparison of the IgG levels between medical and non-medical participants. Generally,
a higher level and a weaker decline of IgG anti-SARS-CoV-2 was observed in the medical group, which is in line with
other observation.®* We showed that the medical profession correlated with almost twice the antibody level after about 5—
6 months of baseline measurement, although the median of baseline values was similar in both groups but less varied in
the medical staff. This suggests that exposure to continuous or more frequent contact with the SARS-CoV-2 virus or its
antigens stimulates the immune system and allows the body to maintain antibody levels longer and more stable.>* Despite
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this, a group of healthcare workers 6 months after the second vaccination also had very low levels of antibodies, much
lower (almost threefold) than those who had COVID-19 at least six months ago. On the other hand, Pakovi¢ Rode et al®®
presented much more optimistic data among healthcare workers in Croatia. Although they used a different method of IgG
measurement, the relative level of antibodies was on average 20 times higher than the cutoff value of positive test (50
AU/mL of IgG) 6 months after the 2nd dose of vaccination. We would like to underline the correlations described above
are independent of each other, and the statistical tools used allow for their apart interpretation, which gives the basis for
searching for an explanation of these phenomena.

To sum up, we would like to mention the limitations of the work. An important issue is the lack of differentiation into
post-vaccination and post-infection IgG antibodies in the applied method. This would allow for a precise answer
regarding the level of antibodies depending on vaccination and/or possible asymptomatic COVID-19. We also did not
confirm the presence of SARS-CoV-2 RNA in the participants to exclude ongoing infection, we only relied on
declarations, which could affect the higher levels of antibodies levels. Another limitation is the small number of
respondents, which makes it difficult to obtain stronger correlations between the distinguished groups, especially in
the case of distribution of women and men. Also, the presence of chronic diseases could modify the level of antibodies,
but it was practically impossible to select a study group without chronic diseases. Therefore, we excluded the occurrence
of severe diseases and people in the acute phase of the disease and untreated. We would like to emphasize that the
mentioned limitations of the project do not present false correlations, but the observed statistically significant differences
could be more pronounced. We would like to mention that it would also be interesting to study the age group over 61 and
children, which could provide more interesting observations.

Our greatest achievement in this work is providing evidence that vaccination mobilizes the immune system to
production of specific neutralizing IgG against SARS-CoV-2. Moreover, a greater number of boosters correlates with
a longer duration of immune memory against COVID-19. An interesting observation is also that it is better to vaccinate
people with borderline levels of antibodies, then the mobilization of the immune system is more long-lasting. In this
work, we also indicated which features of participants correlate with weaker immune system in relation to SARS-CoV-2.
This can be useful for developing guidelines for the timing of booster doses.

Conclusion

The research presents the dynamics of anti-SARS-CoV-2 IgG-S antibodies after the 2nd and 3rd dose of the vaccine
against COVID-19 and provide interesting correlations about selected clinical parameters. The main finding of our
research was that IgG-S levels lasted about 2 months longer after the second booster vaccination in comparison to the
first booster vaccination, which confirms that vaccinations enhance immune memory, not impairs it. What more, our
findings indicate a weaker effect of vaccinations among individuals with a higher level of IgG. This suggests that patients
should be tested for IgG levels prior to vaccination. We observed also a stronger and less diverse immune response in the
case of people who are more exposed to the virus (medical staff), women, people without previous COVID-19 and the
elderly (over 49 years of age). Administration of booster vaccinations should be carried out with greater care, but their
continuation is certainly justified even in the case of subsequent SARS-CoV-2 mutations. Recent studies indicate
a slightly reduced immune response, but they show the effectiveness of currently used vaccines against other variants
of the SARS-CoV-2 virus.®*%*
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